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A substantial  amount  of  field  data  obtained  in  recent  cloud  and  fog  experiments 
conducted  at  Great  Dun  Fell  (GW)  is  currently  under  analysis,  and  will  be 
reported  subsequently.  In  this  report  we  concentrate  on  two  activities  falling 
within  the  scope  of  grant  AP05R-78-3511A.  The  first  is  an  analysis  of  the 
meteorology  and  water  characteristics  of  sane  clouds  and  fogs  enveloping  the  GDF 
laboratory,  vhlch  were  examined  by  the  UMIST  group,  in  collaboration  with  scienti  st 
from  the  Meteorological  Office.  The  second  is  the  development  of  a theoretical 
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INTRODUCTION 


A substantial  amount  of  field  data  obtained  in  recent 

cloud  and  fog  experiments  conducted  at  Great  Dun  Fell  (GDF) 

is  currently  under  analysis,  and  mill  be  reported  subsequently. 

In  fchla  report  wa  eunean tr« Lh  an  two  activities  falling 

within  the  scope  of  grant  AFOSR-73-351 1 A . The  first  is  an 

and 

analysis  of  the  meteorology^ wa ter  characteristics  of  some 

clouds  and  fogs  enveloping  the  GDF  laboratory,  which  were 

examined  hy  the  UMIST  group,  in  collaboration  with  scientists 

from  the  Meteorological  Office.  The  second  is  the  development 

of  a theoretical  model  of  droplet  evolution  in  fogs  and 

clouds  under  the  influence  of  inhomogeneous  turbulent  mixing 

. / 

with  undersaturated  environmental  air.  This  theoretical 
work  has  been  performed  in  conjunction  with  Dr  M B Baker 
of  the  University  of  Washington,  Seattle.  Some  complementary 
laboratory  investigations  currently  being  performed  at 
UMIST  will  he  reported  at  a later  date. 
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In  thii  brief  report  we  prene-nt  (gj-qlimininry  findings 

ing  from  analysis  of  meteorological  and  microphysical  data  obtained 
in  experiments  made  at  Great  Dun  Fell(GDF)  in  December  1977. 
These'were  performed  in  collaboration  with  scientists  from  the 
Meteorological  Office  (MO),  but  the  comprehensive  droplet  measure- 
ments made  by  the  MG  group  are  not  discussed  herein,  owing  to 
shortage  of  time.  The  primary  objective  in  this  first  round  of 
analysis  is  to  examine  the  changing  relationships  between  the  meteor- 
ology and  the  droplet  size  spectrum  over  continuous  extensive 
periods  (1630  to  1700  hrs  on  12/12,  1930hrs  on  15/12  to  0021  on 
16/12  and  1000  to  1115  hrs  on  16/12).  A particular  goal  had  been 
to  establish  whether,  in  some  circumstances,  there  is  evidence 
for  the  influence,  on  the  spectrum,  of  mixing-in  of  environmental 
undersatur ated  air  - and  if  so,  to  see  whether  these  effects  are 

V. 

'classical1,  based  on  a description  of  mixing  as  a homogeneous 
process,  or  whether  they  conform  better  with  the  model  of  inhomo- 
geneous mixing  which  has  been  developed  under  Grant  GR3/3007.  An 
outline  of  this  new  model  has  been  presented  to  the  \AP5  committee 
in  the  note  by  Baker  and  Latham  (1976)  which  has  been  submitted 
for  publication.  Figure  1 presents  a characteristic  spectral 
evolution  emanating  from  this  model,  which  has  already  been  shown 
to  fit  well  with  observations  made  by  Werner  (1969).  It  is  in- 
cluded herein  in  order  to  establish  whether  its  predictions  are 
in  accord  with  our  measurements  at  GDF . These  measured  spectra 
were  obtained  by  integrating  over  several  minutes,  in  order  Id 
obtain  good  statistics  on  the  concentrations  of  the  larger  droplets. 


It  is  probably  useful  to  mention  here  that  in  the  absence,  of  rrixjn 
tha  spectral  shapes  within  clouds  formed  over  GLF  are  narrow  and*’. 
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generally  very  cloBe  to  that  displayed  in  Figure  3,  curve  A. 


EXPERIMENT  I.  1630  to  1 700  hours  on  12.12.77 


A westerly  airflow  covered  Northern  England.  A weak 
ridge  extending  Northwards  from  a belt  of  high  pressure  stretch- 
ing through  the  Day  of  Biscay,was  approaching  from  the  West, 
followed  by  a weak  warm  front.  During  the  run  the  axis  was  just 
off  the  East  coast  of  Ireland  and  the  surface  warm  front  was  be- 
tween 100  and  150  miles  to  the  West  of  Ireland. 

During  the  40  hours  prior  to  arriving  at  GDF  during 
the  run,  the  air  had  been  involved  in  the  circulation  of  a deep 
depression  over  the  Eastern  Atlantic.  Hence  although  the  air 
was  advected  to  GDF  from  higher  latitudes  it  had  spent  a consider- 
able time  over  the  ocean  and  had  not  been  sufficiently  far  North 
to  pass  over  any  land  or  sea  ice.  Hence  the  temperatures  were 
relatively  high  although  the  air  was  somewhat  unstable  in  the 

lower  layers  (more  so  than  at  any  other  time  during  the  experi- 

v, 

ments  conducted)  due  to  the  passage  over  progressively  warmer 
sea  as  it  was  advected  5E  -to  GDF. 

Cloud  cover  was  generally  well  broken  over  NW  England  during 
the  run  with  between  -g-  and  cumulus  with  base  at  540m  (this  was 
dispersing  due  to  slight  radiative  cooling  at  the  surface)  and 
to  stratocumulus  at  about  1km.  Several  stations  had  reported 
light  rain  showers  during  the  afternoon. 

It  was  decided  that  the  temperature  sounding  obtained  at 
Long  Kesh  at  1100  on  12th  was  representative  of  GDF  during 

the  run.  This  ascent  showed  that  tha  air  was  conditionally  unstable 
from  the  surface  1008mb  to  9l5mb  (1100m).  At  this  level  there 
was  a shallow 'week  inversion,  probably  associated  with  slight 
subsidence  due  to  tha  ridge,  above  which  the  air  was  much  drier. 


i 
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The  wind  profile  for  the  G3F  region  (ignoring  the  presence  of 
the  mountain)  was  deduced  from  the  data  obtained  from  several 
sonde  stations  at  0500  and  1700  on  the  12th.  Analysis  was 

i 

then  performed  as  before. 

The  drop  sire  distribution  observed  in  the  cap  cloud  at 
16.33  hours  on  12/12  is  shown  in  Figure  2.  The  estimated  cloud 
aase  is  at  around  600m  (approximately  2km  upwind)  and  the  observed 

' 
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windspaed  near  the  grourd  at  tne  summit  was  about  1 0m  s . It 
was  considered  unlikely  that  droplets  from  the  broken 

overlying  stratocumulus  would  have  been  mixed  down  to  the  obser- 
vation area  at  the  mountain  summit,  and  thus  it  is  probable  that 
all  the  droplets  observed  developed  within  the  cap  cloud  in  the 
time  taken  to  reach  the  summit  from  cloud  base. 

As  discussed,  the  atmosphere  was  modersouly  unstable  witn 

I l 

a small  amount  of  natural  c.umulus  present  and  therefore  the  inter- 
action  at  the  edge  of  the  cap  cloud,  well  away  from  the  mountain t 
may  be  expected  to  be  somewhat  similar  to  that  fora  cumulus 
cloud .although  modified  by  the  mountain.  The  likelihood  that 
significant  mixing  occurreo  is  reinforced  by  the  observation  of 
substantial  short-term  fluctuations  (in  excess  of  5G'p)  in  the 

1 

measured  liquid  water  content-.  The  spectral  shape  displayed  in 
Figure  2 is  distinctly  non-classical,  but  it  is  similar  to  those 
presented  in  Figure  1 , which  were  derived  from  our  model  of 
inhomogeneous  mixing.  * 
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During  the  earliest  part  of  the  run  the  air  trajectories 
to  Great  Dun  Fell  were,  slightly  to  the  East  of  the  Pennines 
where  lowland  stations  were  reporting  between  and  •}  cover 
of  stratoc-umulus  with  base  at  600m.  After  2233  hre  tho  wind  hod 
veered  sufficiently  for  the  air  trajectories  to  be  somewhat  to 
the  west  of  the  Pennines  and  remained  so  for  cr.u  remainder  of 
the  pe'riod.  At  1 8G0  hours  stations  in  this  area  reported  a 
similar  stratocumulus  cover  at  453m. 

During  the  period  up  to  midnight  the  cloud  cover  over  NW 

~ , B 

England  became  more  complete,  most  stations  reporting  /B  strato- 

cumulus  cover  at  between  530m  ano  ‘.dim.  A nearly  total  cover 

of  stratocumulus  (•£  to  ' /8 ) then  persisted  at  most  stations  for 

the  remainder  of  the  period.  By  GuGuhrs  on  16/12 

cloud  base  was  generally  somewhat  higher  (around  630m)  before 

failing  again  to  around  403-53Gm  by  1230  hrs. 

The  Aughton  temperature  ascents  were  considered  to  oa 

representative  of  Great  Dun  Fell  throughout  the  period  and  the 

\ 

ascents  for  llOuhrs  15/12,  2300hrs  15/12  and  1 1 OOhrs  16/12  were 
studied  in  some  detail. 

The  period  of  the  runs  was  characterised  by  a gradual  cool- 
ing of  the  air  between  1 OOOmb  and  953mb  pressure  levels  together 
with  an  increase  in  relative  humidity  and  a uucrease  in  stability 
from  tne  surface  up  to  950mb  (between  700m  and  800m  a.s.l).  During 
the  same  period  the  inversion  associated  with  the  developing 
anticyclone  intensified  substantially  and  lowered  from  930m  at 
1100  on  15/12  to  900m  by  2300  on  15/12  and  then  to  about  600m 
by  1100  on  16/12  over  lowland  regions  in  the  vicinity  of  GDF. 

For  the  period  of  the  run  air  trajectories  were  used  to 
estimate  the  arrival  at  GDF  of  air  of  the  changing  characteristics. 
The  data  oh  the  tephigrams  was  then  used  to  lift  the  air  mess 
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to  the  GDF  summit,  milking  use  of  observed  wind  profiles  at 
Aughton  and  on  estimated  profile  for  above  the  mountain.  The 
results  of  this  will  be  discussed  concurrently  with  the  observed 
dote . 

At  the  start  of  the  run  a vertically  thin  and  tenuous  cap 
cloud  was  observed  through  which  the  moon  could  be  clearly  seen. 
This  cloud  was  observed  to  be  highly  inhomogeneous  with  some 
completely  clear  patches,  lasting  for  several  seconds.  By  2100 
hours  the  cap  cJoud  was  thicker,  much  more  homogeneous  and  the 
moon  was  totally  obscured. 

Figure  3 shows  the  drop  size  distribution  and  mean  liquid 
water  content  obtained  for  the  early,  highly  inhomogeneous  cap 
cloud  (this  showed  variations  of  liquid  water  content  of  a fac- 
tor of  50  with  a period  of  60sec)  with  the  thicker  more  homo- 
geneous cap  cloud.  It  is  apparent  that  more  large  droplets  are 
present  in  the  earlier  spectrum, 

To  explain  this  apparently  anomalous  effect  the  following 
was  done.  The  lifting,  deduced  from  the  tephigram  for  Aughton 
at  1100  on  1 5/1 2y resulted  in  a shallow  layer,  less  than  1 0Cm 
deep  that  was  slightly  supersaturated  at  the  mountain  top  above 
which  was  a layer  of  undersaturated  highly  stable  (inverted) 
air  with  a strongly  positive  Richardson  number  (''-"TO)  up  to  the 
main  subsidence  inversion.  A gradual  transition  to  the  air  on 
the  2300  tephigram  resulted  in  a cap  cloud  of  progressively 
greater  vertical  depth  - finally  reaching  the  main  inversion 
layer  - and  a gradual  decrease  in  stability.  It  iB  clear  then 
that  the  air  immediately  above  the  cep  cloud  was  highly  stable 
throughout  the  early  part  of  the  run. 

Shortly  after  19.30  however,  the  cloud  top  was  clearly 
very  close  to  the  ground  and  the  point  of , observation . In  the 
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nighly  stable  conditions  it  is  in  this  region  that  surface  induces 
turbulence  will  be  a maximum  and  some  entrainment  of  dry  air  was 
expected  and  observed , with  its  effect  at  instrumental  hci.'ht. 

Sxrgntxy  *stcry  us  "the  c u u c u m a cooper^ the  top  ot  mho 

cloud  was  away  from  this  more  turbulent  region  and  any  slight 
entrainment  ..  act  wer.*.  away  trom  tnc  mstrumants . rrom 
21  QQ  hours  to  around  2243  hours  the  _ :ctrum  was  narrower  than 
at  first,  indistinguishable  from  the  classically  expucteo  spec- 
trum based  cn  observed  ouN  concentrations , ond  remaineo  alimo^jt 


uumpietely  unc hanged  j.  n shape  as  >.  • < e c*c^*j  cj-L'-““u**y  l • u g . 

It  woulc  therefore  seem  likely  that  the  entrainment  of 
undersaturat ..  - a r r when  the  croud  w as  very  torn  was  rcsponsiu.i.s 


for  the  broacening  of  the  spectra  roveoled  in  Figure  3.  Ac  can- 
nct  explain  the  oboervec  spectral  jhapa  cn  the  'classical'  pic- 


ture of  mixing  ac  a homogeneous  process,  out  comparison  with 
Figure  1 shows  that  the  spectrum  measured  at  1530  hours  closely 
resembles ■ that  precicted  on  the  inhomogeneous  model  for  a similar 
liquid  water  content.  It  is  highly  unlikely  that  any  significant 
change  in  air  trajectory  occurred  between  1530  hours  and  2100 
hours,  which  might  have  resulted  in  a sufficiently  different 


CCN  activity  spectrum. 

As  mentioned,  observations  remained  unchanged  until  around 
2245  hours.  At  this  time  intermittent  slight  rain  was  observed 
at  GDF  which  gradually  up  to  midnight  became  somewhat  heavier 
and  more  continuous.  No  precipitation  was  reported  from  any 
nearby  lowland  stations.  This  couia  not  have  occurred  trem  higher 
cloud  as  the  air  aloft  was  very  dry  and  largely  cloud-frec.  At 
the  same  time  the  liquid  water  content  began  to  rise  ond  th 
drop  size  distribution  became  progressively  and  appreciably 
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broader,  as  shown  in  Figure  4.  These  last  two  effects  continued 
into  the  morning  of  the  16th  by  which  time  the  rain  had  stopped. 


To  explain  this  the  development  of  an  extensive  atre  ,0- 
cumulus  cover  with  base  beiow  the  mountain  summit  is  prob-  i.y 
highly  significant'.  The  rainfall  observed  may  be  explained  * 
qualitatively  as  follows:- 

T a <ing  the  summit  of  the  strotocumulus  to  be  the  base  of  the 
s residence  xnversion  xt  may  oe  estimated  that  a orcplet  on  xnx  — 
tially  around  2 u m radxus  may  grow  by  coalescence  e^,  x t fairs 
through  the  stratocumulus  and  then  grow  further  to  a size  of 
perhaps  1mm  as  it  falls  through  a few  hundred  metres  of  cap  cloud, 
facilitated  by  the  lifting  of  the  stratocumulus  close  to  the 
mountain . iho  smaller  drops  from  the  stratocumulus  ooovc  c s * d 
evaporate  before  reaching  the  ground. 

The  cessation  of  precipitation  by  1 0DD  hours  on  16/12 
may  be  accounted  for  in  terms  of  the  lowering  of  the  main, 
iryersion  layer  overnight.  . 

The  broadening  of  the  drop  size  distribution  cpservea  in 
the  cap  cloud  is  probably  to  be  accounted  for  by  the  progressively 
greater  degree  of  entrainment  of  the  long  lived  stratocumulus 
cloud  (which  would  oe  expected  to  contain  larger  drops  due  to 
radiative  cooling,  coalescence  and  mixing)  as  the  stability  of 
the  air  below  the  inversion  decreased  and  sc  a degree  of  turduienc 
increased.  (The  lowering  of  the  inversion  away  from  the  mountain 
is  unlikely  to  affect  this  latter  process. ) Tephigram  analysis 
shows  that  this  is  probably  also  the  case  for  the  observed  appre- 
ciable rise  in  liquid  water  content  as  the  distribution  widened. 
This  would  not  be  expected  if  entrainment  of  dry  air  wus  the 
cause . 

It  should  be  noted  that  the  stratocumulus  base -altitude 
agreed  well  with  mixing  condensation  levels  estimated  from  the 
tephigrams . 
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The  preliminary  analyaia  presented  in  the  preceding  pnre~ 
graphs  appear  to  provide  strong  evidence  for  a profound  influ- 
ence of  mixing-in  of  undersaturated  environmental  air  on  the 
cloud  * droplet  spectra.  Over  one  extensive  period  the  entrain- 
ment of  stratocumulus  residue  into  the  air  forming  cloud  over 
Great  Dun  Fell  appears  to  be  responsible  for  the  spectral  shape, 

In  the  other  two  cases  studied  we  conclude  that  (nixing  produced 
spectral  broadening ,, and  spectral  shapes  which  cannot  be  explained 
classically,  but  do  appear  to  fit  with  the  predictions  of  our 
model  of  inhomogeneous  mixing. 
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THE  EVOLUTION  OF  DROPLET  SPECTRA  AND  THE  RATE  OF  PRODUCTION 
OF  RAINDROPS  IN  CUMULU5  CLOUDS 
Despits  considerable  effort  (1  ,2,3,4  &,  5)  and  some 
progress,  no  generally  accepted  solution  hes  been  provided 
to  two  important  problems  in  cloud  physics  involving  the 
population  of  cloud  droplets  produced  by  condensation. 

The  first  is  that  the  measured  times  required  to  produce 
raindrops  in  water  clouds  may  be  appreciably  shorter  than 
values  calculated  on  the  basis  of  classical  theory  for 
growth  by  condensation  followed  by  stochastic  coalescence. 

The  second  is  that  the  predicted  size  distributions  of  cloud 

! 

droplets  within  the  condensational  stage  of  growth  are  incon- 
sistent with  those  observed  in  cumulus  clouds.  In  this 
note  we  outline  the  results  of  some  recent  calculations, 
based  on  a new  model  of  inhomogeneous  mixing,  which  appear 
to  offer  e eolution  to  both  of  these  problems. 

The  basic  idea,  based  on  laboratory  experiments,  hes 
already  been  reported  (6).  It  ia  that  when  undersaturated 
environmental  air  is  entrained  into  a growing  cumulus  some 
cloud  droplets  are  profoundly  affected  while  others  - at 

the  same  level,  but  more  remote  from  the  blobs  or  filaments 

• (/ 

of  entrained  air,  - are  scarcely  influenced.  This  is  clearly 

distinguished  from  the  homogeneous  description  of  entrainment 

employed  by  other  workere,  where  it  ia  aeeumed  that  the 

reduction  in  euperaaturation  produced  by  entrainment  is,  at 

* any  level,  the  earns  at  ell  points, 
o 

A prediction  of  our  inhomogeneous  model  is  that  natural 
clouds  should  contain  adjacent  regions  of.  strongly  different 
wstsr  content  but  similar  mean  droplet  site  and  dispersion  - 


defined  es  the  retio  of  the  stenderd  deviation  to  the  mean 
6ize.  Confirmatory  evidence  for  this  prediction  has  been 
obtained  in  several  field  studies  (7,  0,  9). 

The  calculations  described  below  were  based  on  the 
simplest  possible  picture  of  inhomogeneous  mixing  - which, 
however,  the  laboratory  experiments  (6)  suggest  is  reasonably 
accurate.  It  is  that  when  a region  of  cloudy  air  is  infil- 
trated by  a blob  or  filament  of  undersaturated  environmental 
air  some  droplets  are  completely  removed  by  evaporation  - 
with  equal  probability  - from  all  size  categories,  while 
the  remaining  droplets  at  that  level  are  unaffected. 

The  calculations  were  based  on  those  of  Warner  (3). 

An  updraught  of  constant  speed  U *»  1m  s 1 produced  a cloud 
of  base  temperature  Tg  - +1 5°C  in  an  environment  of  constant 
relative  humidity  00%  and  constant  lapse  rate  of  !*■  7,5°C  km"1 
Condensetion  occurred  on  a distribution  of  NaCl  nuclei  con- 
sisting of  N ■ 200  particles  per  cubic  centimetre  in  5 mass 
classes  (based  on  (3  ) and  (5)).  The  subsequent  evolution  of 
the  cloud  as  it  moved  upwards  at  1m  s 1 and  cooled  was  cal- 
culated from  the  standard  equations (3 ) 

for  three  different  conditions.  (H), 
an  homogeneous  case,  in  which  entrainment  of  outside  air 
occurred  steadily  and  uniformly^ in  the  manner  assumed  by 
other  workers  (3,5).  This  tJjjs  classical  picture  described 
earlier.  (I),  an  inhomogeneous  case,  in  which  underseturated 

blobs  of  constant  size  V0  are  drawn  ipto  the  cloud,  either 

(with  frequency  X) 

at  random  intervals  or  regularly, /and  evaporate  completely 
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dropleta  (of  all  size  classes)  until  the  humidity  rises  to 

100%.  (A),  an  adiabatic  case,  in  which  the  cloud  did  not 

interact  with  its  environment.  In  models  H and  I the  entrained 

air  contained  nuclei  of  the  same  activity  spectrum  as  those 

at  cloud  base.  As  the  cloud  volume  v grows  the  mean  frequency 

X is  set  equal  to  -Mv/v^  where  (j,  the  effective  entrainment 

-3  -1 

parameter,  was  taken  to  be  10  m , equal  to  that  assumed 

in  the  homogeneous  model;  vq  is  the  original  cloud  volume. 

Figure  5 shows  a typical  size  distribution  observed 

in  cumulus  by  Warner  (2)  at  a stage  where  the  liquid  water 

• . _3 

content  was  around  0.4  g m It  also  displays  two  calculated 

spectra.  (H)  is  based  on  the  homogeneous  model,  and  is  very 
similar  in  shape  to  those  calculated  by  Warner  (1)  on  his 
classical  model  of  mixing.  It  is  seen  to  bear  little  resemb- 
lance to  the  observed  spectrum  (W).  However,  the  size  dis- 
tribution (I),  0§§@d  on  UUf  inheffiogeJfi&ou*  model,  with 

is  seen  to  agree  closely  with  that  observed;  X is  the 

o 

initial  frequency  of  infiltration.  The  spectral  shapes  on 
the  inhomogeneous  model  were  found  to  be  insensitive  to  Xq 
so  the  agreement  appears  quite  general, 

‘ r 

Table  1 present^  values  of  liquid  water  content  L^, 

L^,  Lj,  supersaturation  , 5^,  Sj  and  maximum  radius  of 
droplets  in  the  spectrum,  R^,  Rft,  Rj,  after  various  growth 
times  t for  the  homogeneous,  adiabatic  and  inhomogeneous 
models  respectively.  Also  presented,  ere  values  of  the  con- 
centration Ny  of  droplets  of  maximum  radius  Ry.  The  striking 
observation  is  that  the  largest  droplets  grow  much  faster  on 
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the  inhomogeneous  model  then  on  either  the  inhomogeneous  or 
adiabatic  models  - even  though,  in  the  latter  case  the  liquid 
water  content  is  about  twice  as  great.  For  example,  we 
see  that  about  150  seconds  are  required  on  the  inhomogeneous 
model  for  the  largest  drops  to  achieve  a radius  of  13Mm, 
while  about  400  and  500  seconds  respectively  are  required 
on  the  adiabatic  and  inhomogeneous  models.  For  R = 15pm 
the  figures  are  about  200  seconds  for  the  inhomogeneous 
model,  700  seconds  on  the  adiabatic  model  and  600  seconds 
on  the  homogeneous.  We  see  that  on  our  inhomogeneous  des- 

t 

cription  of  the  entrainment  process  the  largest  droplets 
move  through  the  condensational  stage  about  three  times  as 
fast  as  is  predicted  classically  - and  it  appears,  therefore, 
that  this  finding  may  resolve  the  long-standing  question, 
referred  to  earlier,  of  the  rate  at  which  raindrops  can 

be  produced  in  cumulus.  In  this  connection,  it  is  interest- 

-1 

ing  to  note  that  the  values  of  (~1  1 ) are  of  the  right 

ordar  of  magnitude  for  raindrop  concentrations. 

The  reason  for  the  greatly  enhanced  growth-rates  on  the 

inhomogeneous  model-is  apparent  from  the  inspection  of 

Table  (1)  - the  values  of  supersaturation  are  much  greater. 

This  is  because,  on  the  inhomogeneous  model,  a substantial 

proportion  of  the  droplets  are  small,  having  been  formed 

above  cloud  bese  by  re-activation  of  nuclei  contained' within 

completely  evaporated  droplets  or  activation  of  entrained 

nuclei.  These  smaller  dropletB  consume  water  vapour  rele- 

' l 

tively  ineffectively,  thus  allowing  S to  rise,  end  the  largest  . 

% 
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( unaf  f ected ) droplets  to  grow  more  rapidly. 

The  absolute  growth  rates  of  droplets  will  depend  on 
factors  which  may  vary  greatly  from  cloud  to  cloud,  but  we  f 

believe  that  the  difference  in  growth  rates (oetween  homo- 
geneous and  inhomogeneous  mechanisms)  will  generally  be 
close  to  those  presented  in  Table  1.  Gur  major  conclusions 

were  found  to  be  insensitive  to  variations  in  (from  10 

o 

to  100s)  and  to  the  choice  of  CON  spectrum.  It  is  diffi- 
cult to  imagine  that  they  would  be  sensitive  to  variations 
in  Tg,  U,  ^ and  other  meteorological  parameters.  It  appears 
to  us  to  be  sensible as  the  next  stage  in  this  study,  to 

devote  our  principal  effort,  through  fielc,  laboratory  and  1 

theoretical  work,  to  establishing  more  precisely  the  processes 
involved  in  mixing,  on  a scale  comparable  with  the  drop  spacing. 

This  will  involve  consideration  of  the  various  time  constants  j 

governing  droplet  evaporation,  vapour  diffusion,  and  the  i 

creation  'of  interfacial  area  between  cloudy  and  undersaturated  air. 
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